To provide patients and clinicians more accurate estimates of comorbidity-specific survival stratified by patient age, tumor stage, and tumor grade.
INTRODUCTION
Because prostate cancer frequently has a long natural history, many professional organizations recommend that screening and treatment should be limited to men with a life expectancy greater than 10 years. 1 The National Comprehensive Cancer Network prostate cancer practice guidelines suggest that radical surgery and/or radiation therapy should only be offered to men who are likely to survive more than 10 years, whereas the United States Preventive Services task force recently reaffirmed that men 75 years of age and older are unlikely to benefit from prostate cancer screening because relatively few of these men are likely to survive more than a decade.
2, 3 These recommendations have been validated by two widely publicized randomized trials evaluating the benefit of prostate-specific antigen (PSA) testing for prostate cancer. The Prostate, Lung, Colorectal, and Ovarian trial sponsored by the National Cancer Institute concluded that after 7 to 10 years of follow-up, prostate cancer mortality was very infrequent and did not differ significantly among men who were screened compared with the controls. 4 The European Randomized Study of Screening for Prostate Cancer trial concluded that after 8 years of follow-up, PSA-based screening could reduce the death rate from prostate cancer by 20%, but at the risk of identifying many men who would not benefit from diagnosis and treatment. 5 In contemporary clinical practice, treatment decisions are predominantly influenced by patients' life expectancy and tumor histology. Unfortunately, physicians often have difficulty providing accurate estimates of patients' life expectancy after initial cancer diagnosis. 6 Patients have an even more distorted perception of the risks posed by their disease and the benefits of intervention. In a recently administered JOURNAL OF CLINICAL ONCOLOGY mail survey, Mohan et al 7 demonstrated that patients with localized prostate cancer grossly underestimate their life expectancy without treatment and grossly overestimate the survival benefit associated with treatment.
We have previously published 10-year outcomes after conservative management of localized prostate cancer. 8 These estimates did not highlight the impact of patient comorbidities. To provide patients and clinicians more accurate estimates of comorbidity-specific survival stratified by patient age, tumor stage, and tumor grade, we assembled a large population-based cohort of 19,639 men with localized stage T1c or T2 prostate cancer who were managed conservatively after diagnosis. The resulting competing risk analyses should assist patients and their physicians to evaluate the risks posed by localized prostate cancer and their existing medical conditions.
PATIENTS AND METHODS

Data Sources
Data were obtained from Medicare insurance program files linked to the population-based Surveillance, Epidemiology, and End Results (SEER) cancer registries. The SEER regions sampled approximately 14% of the US population before 2000 and 25% thereafter. The Medicare database includes information on approximately 97% of men age 65 years and older; 93% of patients are linked to the SEER database.
Cancer stage and grade for each case were abstracted from SEER data files. The SEER grading convention before 2003 characterized Gleason 2 to 4 tumors as well differentiated, Gleason 5 to 7 tumors as moderately differentiated, and Gleason 8 to 10 as poorly differentiated. Treatment information was obtained from both SEER and Medicare files. A Charlson comorbidity score was derived from Medicare claims during the year before prostate cancer diagnosis using a validated algorithm. 
Study Participants
The study cohort consisted of men 66 years of age and older who were diagnosed with localized prostate cancers between January 1, 1992, and Table 1 . Cancers detected by PSA testing were classified as T1c, whereas the remaining cancers were classified as T1a, T1b, or T2. In the SEER-Medicare database, the vital status of patients is derived from Medicare Enrollment Database, which is updated every night from the Social Security Administration. Overall mortality rates were derived from survival data available through December 31, 2007. Underlying causes of death were obtained from the SEER program, which derives this information from state death certificates. Usually this information becomes available within 2 years of the date of death. As a consequence, prostate cancer-specific mortality rates were derived from data available through December 31, 2005. Previous studies have confirmed that prostate cancer deaths can be identified reliably from death certificates if results are classified simply as death as a result of prostate cancer or death resulting from another cause.
10,11
Statistical Analyses
The primary study end points were time to death resulting from prostate cancer and time to death resulting from other causes, stratified by patient age, cancer grade, cancer stage, and Charlson comorbidity score at the time of diagnosis. Estimates of competing risks were computed using cumulative incidence functions with competing risk adjustments for death resulting from prostate cancer and from other causes as described in Putter, Fiocco, and Geskus. 12, 13 To provide more stable estimates of the survival curves, we used a nearest-neighbor hazard smoother with an Epanechnikov Kernel as implemented in the R statistical system (R Foundation for Statistical Computing, Vienna, Austria).
14 Covariate adjustment for competing risks was conducted as described in Putter et al. 13 Bootstrap confidence intervals for the 10-year survival rates were obtained using 1,000 bootstrap replications. 15 Median follow-up time was computed following the method described in Clark et al 16 and Schemper and Smith. 
RESULTS
Most patients (72%) in our study cohort had no significant comorbidities (Charlson score ϭ 0), 18% had one significant comorbidity, and 10% had two or more comorbidities. About two thirds (66%) of the patients were classified as having moderately differentiated disease (Gleason score 5 to 7), and about one third (34%) had poorly differentiated disease (Gleason score 8 to 10). Approximately 45% of the patients had screen-detected disease (T1c), whereas 55% had palpable disease (T2). The median age at diagnosis was 77 years, and the median follow-up for the study population was 6 years.
At the end of the study period, 60%, 51%, and 41% of men with zero, one, or two or more comorbidities were still alive, respectively. Only 5% and 11% of men with moderately or poorly differentiated disease, respectively, died as a result of prostate cancer. Baseline characteristics and long-term outcomes of the study population classified by comorbidity are summarized in Table 2 . Sample sizes by age, comorbidity, and vital status as of December 31, 2005, are summarized in Table 3 .
Appendix Figures A1 and A2 (online only) illustrate the competing risk of death according to age at diagnosis, cancer stage, cancer grade, and comorbidity score. Our results demonstrate that comorbidities negatively impact overall survival in men with localized prostate cancer. Men with stage T1c Gleason score 5 to 7 prostate cancer and no comorbidities have a 2% to 4% chance of dying as a result of prostate cancer within 5 years of diagnosis and a 5% to 14% chance within 10 years. During this same period they have a 12% to 48% chance of dying as a result of any cause within 5 years of diagnosis and a 29% to 83% chance within 10 years, depending on their age at diagnosis and comorbidity. Men with two or more comorbidities have a 43% to 48% chance of dying as a result of any cause within 5 years and a 74% to 83% chance within 10 years, depending on their age at diagnosis. Prostate cancer mortality rates for men with stage T2 Gleason score 5 to 7 prostate cancer are only slightly higher than the rates for men with stage T1c disease.
Men with stage T1c Gleason score 8 to 10 localized prostate cancer also have a substantial risk of dying as a result of competing hazards. Men with no comorbidities have an equal chance of dying as a result of prostate cancer or a competing hazard as compared with men with two or more comorbidities, who have a substantially higher risk of dying as a result of a competing medical hazard. Men with stage T2 Gleason score 8 to 10 prostate cancer have a similar risk of dying as a result of prostate cancer or a competing hazard. Table 4 summarizes the 5-and 10-year prostate cancer-specific and overall mortality rates for men with screen-detected (stage T1c) moderately and poorly differentiated disease. For men age 66 to 74 years, the overall 5-year mortality rate for men with Gleason score 5 to 7 disease rises from 11.7 (95% CI, 10.2 to 13.1) to 42.5 (95% CI, 36.1 to 48.5), and the overall 10-year mortality rate rises from 28.8 (95% CI, 25.3 to 32.6) to 83.1 (95% CI, 67.4 to 97.2) per 100 as the number of comorbidities present at diagnosis increases from zero to two or more. In contrast, these men face 5-and 10-year prostate cancer-specific mortality rates of 1.6 (95% CI, 1.1 to 2.4) to 4.3 (95% CI, 1.6 to 8.3) and 4.8 (95% CI, 2.8 to 8.4) to 5.3 (95% CI, 2.5 to 10.0) per 100, respectively. For men with Gleason score 8 to 10 disease, the overall 5-and 10-year mortality rates ranged from 26.4 (95% CI, 22.2 to 30.8) to 52.0 (95% CI, 42.1 to 64.5) and 55.0 (95% CI, 43.9 to 65.9) to 64.3 (95% CI, 52.0 to 84.9) per 100, respectively. As expected, the 5-and 10-year prostate cancer-specific mortality rates were somewhat higher in this high-risk group, ranging from 13.6 (95% CI, 9.6 to 17.8) ‫ء‬ The mortality rates were derived by using smoothed cumulative incidence curves as described in the text. †CIs were estimated using a bootstrap with 1,000 replications. to 9.6 (95% CI, 2.4 to 19.3) and 25.7 (95% CI, 15.9 to 40.6) to 13.7 (95% CI, 2.7 t o 33.4) per 100 for men with no comorbidities to two or more comorbidities, respectively. For men age 75 years and older at diagnosis, 5-and 10-year overall mortality rates ranged from 26.3 (95% CI, 24.8 to 28.0) to 39.4 (95% CI, 35.9 to 42.5) and 67.1 (95% CI, 63.3 to 72.4) to 76.8 (95% CI, 70.5 to 82.9) per 100 for those men with Gleason score 5 to 7 disease, respectively. These rates are somewhat higher than those noted for younger men. Five-and 10-year prostate cancer-specific rates were also somewhat higher, ranging from 4.4 (95% CI, 3.4 to 5.1) to 4.0 (95% CI, 1.7 to 6.5) and 14.0 (95% CI, 10.6 to 20.9) to 5.0 (95% CI, 2.5 to 8.7) per 100 for men with no comorbidities to two or more comorbidities, respectively. For men age 75 years and older at diagnosis with Gleason score 8 to 10 disease, the 5-and 10-year overall mortality rates ranged from 41.4 (95% CI, 38.3 to 44.0) to 65.7 (95% CI, 55.9 to 70.1) and 77.0 (95% CI, 71.5 to 82.5) to 94.3 (95% CI, 87.4 to 100) per 100, respectively. The 5-and 10-year prostate cancer-specific mortality rates were comparable to those of the younger men, ranging from 16.3 (95% CI, 13.8 to 19.4) to 12.8 (95% CI, 7.3 to 18.9) and 27.5 (95% CI, 21.5 to 36.5) to 18.8 (95% CI, 9.3 to 36.8), respectively, per 100. Table 5 summarizes the 5-and 10-year prostate cancer-specific and overall mortality rates for men with stage T2 moderately and poorly differentiated disease. Overall, the 5-and 10-year rates and trends were comparable to those of the men presenting with T1c disease. Both the overall mortality rate and the prostate cancerspecific mortality rates for men with stage T2 disease were slightly higher when compared with those of men with stage T1c disease. The 5-and 10-year prostate cancer-specific mortality rates were also somewhat higher among men with Gleason score 8 to 10 disease when compared with men with Gleason score 5 to 7 disease for men with no comorbidities to two or more comorbidities.
For men age 75 years and older at diagnosis, the 5-and 10-year overall mortality rates for men with Gleason score 5 to 7 disease were somewhat higher than those of younger men. Five-and 10-year prostate cancer-specific rates were also somewhat higher. For men age 75 years and older diagnosed with Gleason score 8 to 10 disease, the 5-and 10-year overall mortality rates were comparable to those of the younger men.
DISCUSSION
An accurate estimate of overall and disease-specific survival is critical for an informed discussion of treatment options among men with newly diagnosed prostate cancer. Long-term survival depends, in part, on risks posed by the tumor and risks posed by existing comorbidity. Our study, the largest population-based study in the United States, shows that a higher comorbidity score is, in general, associated with higher overall mortality and lower prostate cancer-specific mortality.
Over a decade ago, we explored these issues using data from a population-based cohort of men diagnosed with localized prostate cancer in Connecticut who did not receive either surgery or radiation therapy. 18 We demonstrated that an assessment of patient comorbidities using standardized instruments could be used to stratify patients according to their risk of dying from competing medical hazards. This concept has been validated by several authors who have demonstrated that the measurement of patient comorbidities combined with patient age and tumor grade can provide estimates of long-term survival with ‫ء‬ The mortality rates were derived by using smoothed cumulative incidence curves as described in the text. †CIs were estimated using a bootstrap with 1,000 replications.
moderate accuracy. [19] [20] [21] The prediction rules developed have c-statistics in the range of 0.70 to 0.84, suggesting that survival estimates will be correct approximately three of every four times. Unfortunately, the estimates provided in our 1996 publication were based on a cohort of patients diagnosed before the advent of PSA testing. They do not incorporate the impact of the lead time associated with screening for PSA, and as a consequence, they underestimate longterm survival outcomes.
The tables presented in this article as well as the figures available in the Appendix (online only) use the Charlson comorbidity instrument to assess patient comorbidities. This instrument was originally developed to predict 1-year mortality in patients suffering from breast cancer, but has since been validated for use in estimating long-term survival among patients with multiple different cancers. 22, 23 It has the added advantage of being validated in a clinical setting, as well as in the analysis of large administrative data sets. 24 The impact of PSA testing most likely explains the substantial improvement in survival that we observed in this report when compared with our earlier analysis conducted more than a decade ago. PSA testing advances the date of diagnosis by as much as 13 years, resulting in longer patient survival after diagnosis. 25 Furthermore, systematic upgrading of Gleason scores has resulted in an apparent survival improvement for men classified by tumor grade.
26
Our results have several limitations. Our analysis only involves men age 66 years and older. Men younger than age 66 are much less likely to succumb to a competing medical hazard, and therefore our results cannot be applied to younger patients. Our results could not be stratified by individual tumor grade. Before 2003, the SEER system grouped Gleason scores 5 to 7 together as moderately differentiated disease and Gleason scores 8 to 10 together as poorly differentiated disease. Our report most likely overestimates prostate cancer-specific survival for men with Gleason 7 disease and underestimates prostate cancer-specific survival for men with Gleason 5 disease. This is balanced by the fact that many of these men received antiandrogen therapy, which may negatively impact overall survival, thereby underestimating prostate cancer-specific survival and overestimating overall survival.
Our follow-up was limited to 10 years. Most men with Charlson score Ն 2 succumbed to a competing medical hazard during that time period. Men with no or one comorbidity often survived for at least 10 years. Longer follow-up will be needed to determine the relative impact of prostate cancer and competing medical hazards on long-term survival. Finally, we do not have data concerning why the men identified in this study chose active surveillance or watchful waiting as their primary treatment option. There may be unmeasured patient or disease factors that impact prostate specific-survival or all-cause survival. Accordingly, our results may or may not be applicable to men who undergo surgery or radiation therapy.
Our analysis has several strengths. The study was populationbased, encompassed a wide geographic area, and had a large sample size, giving us sufficient statistical power to provide stable survival estimates. Our results also report outcomes specific for older men. Most case series reports do not include information concerning outcomes among men older than 70 years. Our analysis has information on outcomes of approximately 20,000 men who were managed conservatively after a diagnosis of localized prostate cancer.
In summary, our findings suggest that relatively few men diagnosed with localized prostate cancer older than 65 years will die as a result of prostate cancer within 10 years of diagnosis. Most men with either no or one comorbidity will survive at least 10 years, whereas men with two or more comorbidities have a substantial risk of dying as a result of a competing medical hazard within this time frame. Men with poorly differentiated disease face a more substantial risk of dying as a result of prostate cancer when compared with men with moderately differentiated disease and an equivalent risk of dying as a result of competing medical hazards. Patients and clinicians should use the tables presented in this article (and the figures presented in the Appendix) to understand the risks posed by prostate cancer and by competing medical hazards before selecting the therapeutic approach that is most appropriate for them.
